Fecally dispersed parasites of 12 wild mammal species in Mudumalai Sanctuary, southern India, were studied. Fecal propagule densities and parasite diversity measures were correlated with host ecological variables. Host species with higher predatory pressure had lower parasite loads and parasite diversity. Host body weight, home range, population density, gregariousness, and diet did not show predicted effects on parasite loads. Measures of a diversity were positively correlated with parasite abundance and were negatively correlated with f3 diversity. Based on these data, hypotheses regarding determinants of parasite community are discussed.
Ecological studies on parasite communities of large mammals have been scanty (1) in contrast to those of other vertebrates (e.g., see refs. [2] [3] [4] [5] [6] [7] [8] . For endangered mammals in protected areas, the only practical alternative to obtaining samples from culled individuals is fecal examination for parasite propagules (9) , despite some limitations of this method (10) . There have been few attempts to quantify measures of parasite abundance and diversity based on fecal analyses (11) . It is also not clear what would be appropriate measures of species richness of parasite communities, and several indices have been used in the past (1, 4, 7, 8, 12) . The issue is further complicated by different levels of community organization in parasite communities (13) . Similarly, attempts to identify the host ecological factors involved in shaping parasite communities are few and only recent (3, (14) (15) (16) .
In this paper, we search for quantitative patterns in fecally dispersed parasites in a diverse community of mammalian hosts in Mudumalai Sanctuary, southern India. We first explore various measures of parasite diversity before going on to relate these to their mammalian host ecology. We consider the following host ecological factors that are likely to influence the parasite community.
(i) Host population density: Since transmission increases with population density, both parasite loads and diversity are expected to be positively correlated with host density.
(ii) Host body size and home range: A large host has higher intake of food and water and a larger home range, thus presumably sampling a higher parasite diversity (16, 17) .
(iii) Host phylogeny: Since many parasite species can infect more than one species of closely related hosts, host species having more related species at the level of family and order are likely to have greater parasite diversity.
(iv) Gregariousness: Gregarious species are expected to show greater parasite loads as well as species richness than solitary species.
(v) Anatomical niche diversity: Animals with more complex digestive systems have greater habitat diversity for parasites and therefore may show higher parasite community richness (17) .
(vi) Host diet: Carnivores are expected to have higher parasite loads and species richness compared to herbivores, as their food contains intermediate hosts of a variety of parasites and also attracts flies and beetles, which are passive carriers of parasite propagules.
(vii) Predatory pressures: If predators kill highly parasitized prey individuals in higher proportion, then the infective foci will be continuously removed from the population of the prey species, resulting in reduced transmission. If even moderate parasite loads cause increased susceptibility to predation, then there will be greater selective pressure for parasite resistance. Hence, species with higher predatory pressures are expected to have lower parasite loads.
MATERIALS AND METHODS
Study Area, Mammalian Hosts, and Parasite Sampling. The study was carried out in Mudumalai Sanctuary (11°32'N to 11°43'N and 76°22'E to 76°45'E; average elevation, 900 m above sea level) in southern India. Vegetation varies from tropical moist deciduous forest through dry deciduous forest to dry thorn forest along a rainfall gradient (18) . Although the study area contains a variety of mammals characteristic of peninsular India, only 12 species could be sampled sufficiently covering all habitats and seasons. The species selected were taxonomically diverse and included the common langur (Presbytes entellus), tiger (Panthera tigris), leopard (Panthera pardus), sloth bear (Melursus ursinus), dhole (Cuon alpinus), porcupine (Hystrix indica), black-naped hare (Lepus nigricollis), Asian elephant (Elephas maximus), gaur (Bos gaurus), chital or spotted deer (Axis axis), sambar (Cervus unicolor), and wild boar (Sus scrofa).
Samples were collected by following animals (elephant, chital, sambar, gaur, langur, wild boar, and dhole) during the day and collecting fresh defecations. For the relatively nocturnal species (all others), samples were collected by searching commonly used animal trails in the morning. The minimum sample required for inclusion in the analysis was at least 15 independently collected positive samples (i.e., samples with a detectable number of parasite propagules) or at least 30 independently collected samples if the total parasite prevalence was low, and the sum total of parasite propagules detected from all samples should be at least 100.
Detection and Characterization of Parasites. The sedimentation flotation technique was modified to quantify parasites in fecal samples (10, 19 (10, 21, 22) . This transformation was necessary because the fecal propagule densities can be influenced by the food turnover and animals with different diets have different food turnover rates. However, the ranks before and after transformation were highly correlated (for helminths, Kendall's T = 0.91, P < 0.001; for all parasites, T = 0.85, P < 0.001).
(ii) Parasite species diversity. Of the several measures of species diversity used (1, 4, 7, 8, 12) The population density of host species (pd), population density at the level of order (od), host body weight (bw), home range size (hr), and predation index (pi) are ranked in ascending order. The two other columns give the number of species in a given host's order (so) present in the study area and the number of distinct anatomical compartments in the gut (gc) counted from the esophagus to the large intestine. (21, (25) (26) (27) (28) (29) (30) (31) (32) . Some of the host ecological variables such as weight and population density can be expressed quantitatively (e.g., weight, population density) while others (e.g., diet) are qualitative. Because of natural variations or errors in estimation, the use of ranks was preferred while using quantitative variables (Table 1) .
For predatory pressure, an index based on analysis of hair in the scats of the three large carnivores (all of them given equal weighting) was defined as the relative percentage representation in carnivore scats divided by the population density of the prey species.
RESULTS
Parasite Loads, Diversity, and Their Correlations. Host species differed widely in their parasite loads (Table 2) . When the indices of parasite species diversity (Table 2) were subjected to computation of Pearson's product moment correlations with each other, an interesting pattern emerged (Table   3 ). The sp/ind, c, and sp/n ind formed one intercorrelated group. Thez, persim, evenness, and sp/100 par formed another intercorrelated group. Correlations between members of these two groups were poor. The bootstrap estimate (spboot) was poorly correlated with all other indices except sp/100 par, and hence it can be treated as a third group. Given the three distinct groups, we selected one index each (c, z, and spboot) from these groups for further correlation analyses between parasite species diversity and host ecological variables.
Correlation Between Parasite Diversity and Host Ecology.
The following patterns emerged from the correlation matrix using Kendall's T. The patterns within helminth parasites alone and all parasites combined are almost identical and therefore we report results only for the latter.
(i) Host body size and home range size are not correlated significantly with any of the parasite load or species diversity measures and therefore hypotheses related to these factors can be rejected. The prediction of positive correlation between host population densities at species or higher taxonomic levels and parasite loads and species diversity is rejected. In fact, the correlations are negative (Fig. 1A) and individually significant at P < 0.05 but not significant when the Bonferroni test of tablewide significance is applied.
(ii) The host variables most strongly and consistently correlated with parasite loads/diversity are predatory pressure (Fig. 1B) and gut complexity. The correlations between gut complexity and diversity index c are, however, negative against the expectation. The only two correlations that are significant at the a/k level by the Bonferroni test are between prevalence The indices c and sp/n ind are measures of a diversity or infracommunity species richness. The sp/n ind is an index expected to reflect two components, the species per individual and the faunal differences between individuals. However, as seen from the correlations, it is dominated by the former. This index has been used as a measure of component community richness (12) , which may not be appropriate given that it is dominated by the infracommunity richness. The indices z and the persim, or rather its counterpart the percentage dissimilarity (100 -persim), are measures of faunal differences or ( (Fig. la) Relationship is robust and does not collapse after removing carnivores. output is considerable. Among herbivores the solitary blacknaped hare and the porcupine have higher prevalences and outputs than all other species. A possible explanation could be that the gregarious species need to evolve higher parasite resistance than would the solitary species.
(iii) Host diet: The obligate herbivores have lower outputs than the opportunistic and obligate carnivores but this relationship is fragile. It crucially depends on the inclusion of the porcupine as an opportunistic scavenger. Although porcupines gnaw at bones, evidence for active scavenging on meat is scanty. If the porcupine is listed as a herbivore or is excluded from the analysis, then no significant difference remains. The differences between the three obligate carnivores and all other species are not significant. Furthermore, the predominant parasite species of tiger and leopard are not the ones contracted through consumption of prey species (10, 19) . The boar predominant parasite (Sarcocystis sp.) of dhole has a predatorprey cycle. The hypothesis that carnivores have higher parasite loads because they acquire parasites from their prey is not supported in our case.
(iv) Gut complexity (anatomical habitat diversity): Contrary to the expectation of niche diversity, the relationship between gut complexity and parasite a diversity is negative. It is not clear why animals with more complex digestive tracts should have fewer parasite species per individual. Gut complexity bears highly significant positive correlation with predation index (Kendall's T = 0.682, P < 0.001) and predation index is negatively correlated with parasite prevalence abundance and a diversity, which may explain the apparent relationship.
(v) Predatory pressure: The predation index is highly and consistently negatively correlated with the prevalence, output, and a diversity of all parasites as well as helminths only. The correlation between predation index and the prevalence of all parasites is significant by the Bonferroni test of tablewide significance. The significance is maintained even after removal of the order Carnivora.
The following mechanisms may be responsible for the negative relationship between predatory pressure and parasite loads. All depend on the assumption that prey individuals with higher parasite loads are more susceptible to predation (34) (35) (36) . Chital killed by dhole in the study area had significantly higher parasite loads (10) . In such a case, by selectively removing highly parasitized individuals, the infective foci are constantly being removed from the population. Because of susceptibility to predation, the selective pressure for parasite resistance will also be greater in host species with predators than in those without them.
The negative relationship between predatory pressure and parasite loads may be more general. Among reptiles that have generally depauperate communities, turtles and crocodilians having low predatory pressures have rich and complex helminth communities (2) . Also among amphibians, species with antipredator defenses (e.g., skin toxicants, mimicking noxious insects) have greater helminth community complexity (2).
Our results differ from those obtained or predicted by several others (3, (14) (15) (16) 37) Preval, prevalence; other abbreviations are as in Table 1 . *, P < 0.05; **, P < 0.01; in all other cases P > 0.05. 
